APPENDIX A

COST ANNUALIZATION MODEL

This appendix provides an overview of the cost annualization model used by EPA. As
discussed in Section 4 of this report, the annualization model calculates four types of compliance
costs for amodel CAFO:

# Present value of expenditures—before-tax basis

# Present value of expenditures—after-tax basis

# Annualized cost—before-tax basis

# Annualized cost—after-tax basis
The following sections present the input data and assumptions (Section A.1) and provide details
about the workings of the annualization model (Section A.2). All tablesin this Appendix are
provided at the end of Appendix H.

A.1 INPUT DATA SOURCES

There are four key data inputs to the cost annualization model, including:

# Capital and O&M costs (including startup, recurring, and annual O& M costs)

# Depreciable life of the asset

# Discount rate

# Marginal tax rate

The capital and O& M costs that EPA uses in the cost annualization model are developed
by EPA. The capital cost isthe initial investment needed to purchase and install the structure; it is
aonetimecost. The O&M cost is the annual cost of operating and maintaining the structure.
O&M costs can be incurred in the first year (startup O& M costs), in periodic intervals (recurring

O&M costs), or every year of the structure's operation (annual O& M costs).

The depreciable life of the asset refers to EPA’s assumption on the time period used to
depreciate capital improvements that are made due to the proposed CAFO regulations.
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EPA’s annualization model uses areal discount rate of 7 percent, as recommended by the
Office of Management and Budget (OMB) (OMB, 1992). EPA assumes thisinput to be area
interest rate and therefore it is not adjusted for inflation.

The marginal tax rate (used to compute tax shield) depends on the amount of taxable
earnings (estimated as net cash income minus depreciation plus value of inventory) at the model
CAFO. Inputsto the cost annualization model to calculate an average operation’s tax shield
include both federal and state tax rates.

Additional information about compliance cost estimates and development of the model
CAFOsis provided in Section 4 of thisreport. Detailed information about the costs used as
inputs to the annualization model is provided in the Development Document (USEPA, 2000a).

Section A.1.1 below discusses the tax rate and Section A.1.2 discusses the depreciation
method of the annualization model schedule in more detail.

A.1.1 Marginal Tax Rate

EPA conductsits financial analysis at the CAFO level using representative average
models. The cost annualization model uses as inputs both federal and state tax rates to calculate
an average operation’s tax shield (see Table A-3 for sample worksheet). For this anaysis, EPA
uses federal and state corporate income tax rates because it is not possible to definitively identify
whether CAFOs represented by each model pay taxes at the corporate or the individual rate.

Table A-3 lists the range of federa tax rates that EPA assumes for this analysis that are
attributed to model CAFOs based on estimated taxable earnings. As shown, federal tax rates
range from 15 percent to 34 percent, depending on the amount of taxable income at afacility
(CCH, 1999h). Asan example, using these rates, model CAFOs with earnings greater than or
equal to $335,000 would be assigned the federa tax rate of 34 percent; model CAFOs with
earnings greater than or equal to $100,000 but less than $335,000 would be assigned a tax rate of
28.3 percent. Examples of taxable income levels at EPA’s model CAFOs are presented in
Sections 6 through 8 that show average income statements for each sector.

Table A-1 lists each state's top corporate tax rates, as well as rates on individual income
(CCH, 1999a and CCH, 1995). The cost annualization model refers to reported average state tax
rates, however, because of the uncertainty over which state tax rate to apply to a given model
CAFO, EPA usesthe national average across al states. Table A-1 lists the national average value
that EPA assumes for this analysis (CCH, 1999a and CCH, 1995). As shown, the average
national rates are 6.6 percent (corporate income) and 5.8 percent (persona income). As
discussed previously, EPA uses the higher corporate income tax rate for this analysis.
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Table A-1. State Income Tax Rates

Corporate Income Bgsisfor States Personal Income Bgsisfor States
State Tax Rate With Graduated Tax Upper Rate With Graduated
Tax Tables Tax Tables
Alabama 5.00% 5.00% $3,000+
Alaska 9.40% $90,000+ 0.00%
Arizona 9.00% 6.90% $150,000+
Arkansas 6.50% $100,000+ 7.00% $25,000+
Cdlifornia 9.30% 11.00% $215,000+
Colorado 5.00% 5.00%
Connecticut 11.50% 4.50%
Delaware 8.70% 7.70% $40,000+
Florida 5.50% 0.00%
Georgia 6.00% 6.00% $7,000+
Hawaii 6.40% $100,000+ 10.00% $21,000+
Idaho 8.00% 8.20% $20,000+
[llinois 4.80% 3.00%
Indiana 3.40% 3.40%
lowa 12.00% $250,000+ 9.98% $47,000+
Kansas 4.00% $50,000+ 7.75% $30,000+
Kentucky 8.25% $250,000+ 6.00% $8,000+
Louisiana 8.00% $200,000+ 6.00% $50,000+
Maine 8.93% $250,000+ 8.50% $33,000+
Maryland 7.00% 6.00% $100,000+
M assachusetts 9.50% 5.95%
Michigan 2.30% 4.40%
Minnesota 9.80% 8.50% $50,000+
M ssi ssi ppi 5.00% $10,000+ 5.00% $10,000+
Missouri 6.25% 6.00% $9,000+
Montana 6.75% 11.00% $63,000+
Nebraska 7.81% $50,000+ 6.99% $27,000+
Nevada 0.00% 0.00%
New Hampshire 7.00% 0.00%
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Table A-1. State Income Tax Rates (continued)

Corporate Income Bgsisfor States Personal Income Bgsisfor States
State Tax Rate With Graduated Tax Upper Rate With Graduated
Tax Tables Tax Tables
New Jersey 7.25% 6.65% $75,000+
New Mexico 7.60% $1 Million+ 8.50% $42,000+
New York 9.00% 7.88% $13,000+
North Carolina 7.75% 7.75% $60,000+
North Dakota 10.50% $50,000+ 12.00% $50,000+
Ohio 8.90% Based on Stock 7.50% $200,000+
Value
Oklahoma 6.00% 7.00% $10,000+
Oregon 6.60% 9.00% $5,000+
Pennsylvania 9.90% 1997 and thereafter 2.80%
Rhode Island 9.00% 10.40% $250,000+
South Carolina 5.00% 7.00% $11,000+
South Dakota 0.00% 0.00%
Tennessee 6.00% 0.00%
Texas 0.00% 0.00%
Utah 5.00% 7.20% $4,000+
Vermont 8.25% $250,000+ 9.45% $250,000+
Virginia 6.00% 5.75% $17,000+
Washington 0.00% 0.00%
West Virginia 9.00% 6.50% $60,000+
Wisconsin 7.90% 6.93% $20,000+
Wyoming 0.00% 0.00%
Average: 6.61% 5.84%

Source: CCH, 1999a and 1995.
Basis for ratesis reported to nearest $1,000. Personal income tax rates for Rhode Island and Vermont based on
federal tax (not taxable income). Tax rates given here are equivalents for highest personal federal tax rate.

The cost annualization model can incorporate variable tax rates according to the level of
income to address differences between small and large model CAFOs. For example, alarge
model CAFO might have a combined tax rate of 40.6 percent (34 percent federa rate plus 6.6
percent state rate). After tax shields, this model CAFO would pay 59.4 cents for every dollar of
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incrementa animal waste management costs. A small model CAFO might be in the 21.6 percent
tax rate (15 percent federal rate plus 6.6 percent state rate). After tax shields, the small model
CAFO would pay 78.4 cents for every dollar of incremental animal waste management costs. The
net present value of after-tax cost is used in the CAFO level impact analysis because it reflects the
impact the business would actually seein its net income.

A.1.2 Depreciation Method

EPA uses the Modified Accelerated Cost Recovery System (MACRYS) to depreciate
capital investments after examining three alternatives, including MACRS, straight-line
depreciation, and Section 179 of the Internal Revenue Code. MACRS allows businesses to
depreciate a higher percentage of an investment in the early years, and alower percentage in the
later years. In contrast, straight-line depreciation writes off a constant percentage of the
investment each year. MACRS offers companies afinancia advantage over the straight-line
method because a model CAFO’ s taxable income may be reduced under MACRS by a greater
amount in the early years when the time value of money is greater. EPA aso considered using the
Internal Revenue Code Section 179 provision to elect to expense up to $17,500 in the year the
investment is placed in service, assuming that the investment costs do not exceed $200,000 (IRS,
1999a). However, EPA assumes that this provision is already applied to other investments at the
CAFO.

To determine the recovery period of depreciable property, IRS identifies asset classes
based on the activity in which the property is being used. If thereis not an activity that matches
the use then IRS provides classes for specific depreciable assets that are used across multiple
business activities such as office furniture, information systems, and automobiles. Under
MACRS, the cost of property isrecovered over aset period. The recovery period is based on the
property class to which your property isassigned. If the property of interest is not identified by
the IRS then it generally has arecovery period of 7 years (IRS, 1999b).

The capital costs required by this regulation fall across three IRS asset classes including:
land improvements (15 year recovery period), agriculture (7 year recovery period), and single
purpose agricultural or horticultural structures (10 year recovery period). Table A-2 presents
these IRS asset classes as well as the capital costs associated with them. EPA has identified the
appropriate class for each type of cost and has judged that a 10-year time frame is appropriate for
this analysis for the following reasons:

! The cost annualization model does not consider tax shields on interest paid to finance animal waste
management investments. The cost annualization model assumes a cost to the operation to use the money (the

discount/interest rate), whether the money is paid as interest or is the opportunity cost of internal funding. Tax
shields on interest payments are not included in the cost annualization model because it is not known what mix of
debt and capital an operation will use to finance the cost of incremental animal waste management investments

and to maintain a conservative estimate of the after-tax annualized cost.
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# A 10-year depreciation time frame is consistent with the 10-year property
classification of a single purpose livestock structure which is defined under
Section(i)(13)(B) as any enclosure or structure specifically designed, constructed
and used for housing raising and feeding a particular kind of livestock including
their produce or for housing the equipment necessary for the housing rasing and
feeding of livestock (IRS, 1999a).

# A 10 year depreciation time frameis afairly conservative assumption considering
that some assets such as land improvements have alonger 15-year time frame and
others such as agricultural equipment have a shorter 7-year time frame.

# This assumption provides a uniform time frame for use in the annualization model
and prevents the use of separate annualization calculations for individua capita
costs.

# A 10-year time frame is consistent with the practice of cost-share programs which

typically organize contracts over 5- to 10-year periods (USDA, 1999).

EPA conducted initia sengitivity analyses of the annualization model using initial cost estimates
and determined that the differences between using a 7-, 10-, or 15-year time frame for
depreciation did not result in large changes in annualized costs.

A.2 SAMPLE COST ANNUALIZATION SPREADSHEET

Table A-3 shows a sample cost annualization worksheet. The top of the spreadsheet
shows the data inputs described in Section A.1. The spreadsheet contains numbered columns that
calculate the before- and after-tax annualized cost of the investment to the CAFO. Column 1 of
Table A-3 lists each year of the investment's life span, from its installation through its 10-year
depreciable lifetime (shown over years 1 through 11, since amid-year convention is used).

Column 2 of Table A-3 represents the percentage of the capital costs that can be written
off or depreciated each year. These rates are based on the MACRS and are taken from CCH,
1999b. Multiplying these depreciation rates by the capital cost gives the annual amount the
model CAFO may depreciate, which islisted in Column 3. EPA uses depreciation expense to
offset annual income for tax purposes; Column 4 shows the tax shield provided from the
depreciation expense—the overall tax rate times the depreciation amount for the year.

Column 5 of Table A-3 isthe annual O&M expense. Due to the mid-year convention
assumption for depreciation, Year 1 and Year 11 show only six months of annual O& M costs.
Year 1 O&M also includes the startup O&M cost. Years 2 through 10 include annual O&M plus
recurring O&M costs for every third and fifth year. Column 6 is the tax shield or benefit provided
from expensing the O&M costs.
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Table A-2. IRS Asset Class Lives and Recovery Periods Relevant for the Annualization of Capital Costs

Recovery Period
Asset (in years) Sample Capital Costs Sample Capital Costs
Class Description of Assets Included (Beef/Dairy Facilities) (Beef/Dairy Facilities)
Class MACRS
Life (GDS)

00.3 | Land Improvements: Includes improvements directly to or added 20 15 - Earthen settling basin - Trenching to divert
to land, whether such improvements are section 1245 property* or - Concrete settling basin stormwater around
section 1250 property?, provided such improvement are - Storage pond (“regular” structures
depreciable. Examples of such assets might include sidewalks, and clay lined) - Lagoon liner
roads, canals, waterways, drainage facilities, sewers (not including - Vegetated filter strip - Groundwater monitoring
municipal sewersin Class 51), wharves and docks, bridges, fences, (including wastewater well
landscaping shrubbery, or radio and television transmitting distribution system)
towers. Does not include land improvements that are explicitly - Concrete pad to store dry
includes in any other class, and buildings and structural manure
components as defined in section 1.48-1(e) of the regulations.

Excludes public utility initial clearing and grading land
improvements as specified in Rev. Rul. 72-403, 1972-2 C.B. 102.

01.1 | Agriculture: Includes machinery and equipment, grain bins, and 10 7 - Windrow turning - Soil auger/sampler
fences but no other land improvements, that are used in the equipment (composting) - Manure sampler
production of crops or plants, vines, and trees; livestock; the - Long stem dial - Scale for manure spreader
operation of farm dairies, nurseries, greenhouses, sod farms, thermometer (composting) | calibration
mushroom cellars, cranberry bogs, apiaries, and fur farms; the - Lagoon marker - Lagoon marker
performance of agriculture, animal husbandry, and horticultural - Scale for manure - Disk harrow for surface
Services. spreader calibration incorp.

- Irrigation center pivot - Manure injector

device - Center pivot for irrigation
- Truck (under solid waste | - Truck for transporting
and slurry waste transport | manure

options) - Storage for poultry litter

01.4 | Single purpose agricultural or horticultural structures (within 15 10 - Mortality composting
the meaning of section 168(1)(13) of the code) facility

Source: IRS, 1999b.
YV Section 1245 property: Property that is or has been subject to an allowance for depreciation or amortization. Section 1245 property includes personal

property, single purpose agricultural and horticultural structures, storage facilities used in connection with the distribution of petroleum or primary products of
petroleum, and railroad grading or tunnel bores.
7 Section 1250 property: Real property (other than section 1245 property) which is or has been subject to an allowance for depreciation.
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Table A-3. Cost Annualization Model

Inputs
Initial capital cost $100,000
Annual O&M Cost $10,000 Federa Corp. Tax Table:
Startup O&M Cost $1,000 Average
Recurring O& M Cost $500 (3year)  $1,500 (5 year) If Taxable then the Federal Effective
Real discount rate 7.0% Earnings are: tax rateis: Tax Rate
Taxableincome $400,000 >=$0 and < $50,000 - 15.0%
Margina income tax rate >= $50,000 and < $75,000 - 16.7%
Federal 34.0% >= $75,000 and < $100,000 - 20.4%
State 6.6% >= $100,000 and < $335,000 - 28.3%
Combined 40.6% >= $335,000 - 34.0%
1 2 3 4 5 6 7 8 9 10
Depreciation Depreciation Tax Shield Oo&M Cost- Manure Cash Outflow
Year Rate for Year from Dep. O&M Cost Tax Shield Share Offset Cash Outflow After Tax Sh.
1 10.00% $10,000 $4,061 $6,000 $2,437 $1,000 $500 $104,500 $98,002
2 18.00% $18,000 $7,310 $10,000 $4,061 $1,000 $500 $8,500 (%$2,871)
3 14.40% $14,400 $5,848 $10,500 $4,264 $1,000 $500 $9,000 ($1,112)
4 11.52% $11,520 $4,678 $10,000 $4,061 $1,000 $500 $8,500 ($239)
5 9.22% $9,220 $3,744 $11,500 $4,670 $1,000 $500 $10,000 $1,586
6 7.37% $7,370 $2,993 $10,500 $4,264 $1,000 $500 $9,000 $1,743
7 6.55% $6,550 $2,660 $10,000 $4,061 $1,000 $500 $8,500 $1,779
8 6.55% $6,550 $2,660 $10,000 $4,061 $1,000 $500 $8,500 $1,779
9 6.56% $6,560 $2,664 $10,500 $4,264 $1,000 $500 $9,000 $2,072
10 6.55% $6,550 $2,660 $11,500 $4,670 $1,000 $500 $10,000 $2,670
11 3.28% $3,280 $1,332 $5,000 $2,031 $0 $500 $4,500 $1,137
Sum 100.00% $100,000 $40,610 $105,500 $42,844 $10,000 $5,500 $190,000 $106,546
Present value $73,443 $29,825 $71,718 $29,125 $7,024 $3,749 $154,403 $95,453
Before Tax Sh. After Tax Sh.
Present value of incremental costs $154,403 $95,453
Annualized Cost $20,591 $12,729

Notes: This spreadsheet assumes that a modified accelerated cost recovery system (MACRYS) is used to depreciate capital expenditures.

Depreciation rates are from 2000 U.S. Master Tax Guide for 10-year property and mid-year convention (CCH, 1999b).




Columns 7 and 8 represent negative costs that should be evaluated when considering
compliance costs for model CAFOs, including payments from federal, state, or local cost-share
programs and offsets from the change in manure use.

Column 9 listsamodel CAFO'’s annual cash outflow, or total expenses, associated with
the additional animal waste management. Total expenses include capital costs, assumed to be
incurred during the first year when the structure is installed, plus each year's O& M expense.

Column 10 lists the annual cash outflow less the tax shields from the O& M expenses and
depreciation; amodel CAFO will recover these costs in the form of reduced income taxes. The
sum of the 11 years of after-tax expenses is $106,546 (1997 dollars). The equation EPA uses to
calculate the present value of cash flow is:

n

o VI
NPV = Vi+ & ——— 1
|:2 (1+r.)|_
Where:
V,...V, = seriesof cashflows
r = interest rate
n = number of cash flow periods

current iteration

EPA uses the present value of the after-tax cash outflow in the CAFO level impact analysisto
calculate the post-regulatory present value of future earnings for amodel CAFO.

EPA transforms the present value of the cash outflow into a constant annual payment for
use as the annualized model CAFO’ s compliance cost. Column 9 calculates the annualized cost as
a 10-year annuity that has the same present value as the total cash outflow. The annualized cost
represents the annual payment required to finance the cash outflow after tax shields. In essence,
paying the annualized cost each year and paying the amounts listed in Column 8 for each year are
equivalent. EPA calculates the annualized cost as:

real discount rate
1 - (rea discount rate + 1) ™"

Annualized Cost = Present value of cash outflows x

where n is the number of payment periods.
In the example used in Table A-3, based on the capital investment of $100,000, startup

O&M costs of $1,000, 3-year recurring O&M costs of $500, 5-year recurring O& M costs of
$1,500, annual O& M costs of $10,000 per year, atax rate of 40.6 percent, and areal discount rate
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of 7 percent, the model CAFO'’s annualized cost is $20,591 on a pre-tax basis and $12,729 on a
post-tax basis.

EPA uses the pre-tax annualized cost to calculate the total social cost of the regulation
(presented in Section 10). This approach incorporates the cost to industry for the purchase,
installation, and operation of additional animal waste management structures, and also federa and
state government from lost tax revenues. (Every tax dollar that a business does not pay due to atax
shield isatax dollar lost to the government.)

EPA uses the post-tax annualized cost to reflect what a business actually pays to comply
with incremental animal waste management requirements (presented in Section 5). The post-tax
present value of incrementa animal waste management expendituresis used in the CAFO level
impact anaysis.

A.3 ANNUALIZED COMPLIANCE COSTS

Tables A-4 through A-11 show EPA’s estimated post-tax annualized costs to regulated
CAFOs to comply with the proposed revisions to the CAFO regulations. Annualized costs are
shown in 1997 dollars and are expressed on a per-animal (inventory) basis. EPA estimates per-
animal costs for operations that raise fed cattle, veal, heifers, milk cows, hogs (both farrow-finish
and grow-finish systems), broilers, egg laying hens (both liquid and dry manure systems), and
turkeys. The tables show these costs for each of the seven EL G technology options considered by
EPA during the development of this rulemaking. Costs to confinement operations with less than
300 or 500 AU that may be designated as CAFOs are developed by scaling the estimated
compliance costs for the available "medium” and "large” CAFO models. (See Section 2 for
information on expected designated facilities under each co-proposed alternative.) The resulting
costs—derived on a per-head basis—are adjusted by the average head counts at operations with fewer
than 500 AU or 300 AU to derive the annualized per-facility compliance cost. Costs for CAFOs
with fewer than 500 AU or 300 AU assume that these operations have sufficient cropland for al on-
farm nutrients generated (identified in the cost model as Category 1 costs).

2 There are two ways to calculate post-tax annualized cost. Oneis to calculate the annualized cost as the
difference between the annuity value of the cash flows (Column 9) and the tax shields (Columns 4 and 6). The
second isto calculate the annuity value of the cash flows after tax shields (Column 10). Both methods yield the
same resullt.
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Table A-4
Total Annualized Compliance Costs per Head for Option 1

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $16.08 NA NA
Medium 1 455 $16.69 $16.49 $5.17
Medium 2 77 $10.41 $10.52 $2.56
Largel 1877 $1.36 $9.40 $0.60
Large2 30,003 $0.85 $3.94 $0.16
CE Region
Medium 1 455 $15.55 $15.53 $5.11
Medium 2 77 $9.58 $10.51 $2.51
Largel 1877 $1.09 $15.32 $0.52
Large2 30,003 $0.57 $.71 $0.08
Dairy
PA Region
Medium 1 235 $16.84 $23.97 $13.76
Medium 2 460 $10.77 $41.79 $8.81
Largel 1,419 $5.77 $39.19 $5.00
MW Region
Small 200 $16.42 NA NA
Medium 1 235 $14.77 $16.65 $10.60
Medium 2 460 $9.39 $24.30 $6.66
Largel 1,419 $4.50 $22.35 $3.60
Veal
MW Region
Medium 1 400 $3.61 $2.76 $2.50
Medium 2 540 $2.66 $2.03 $1.84
Heifers
PA Region
Medium 1 400 $13.76 $16.85 $5.67
Medium 2 750 $8.50 $8.63 $3.28
Largel 1,500 $1.06 $1.29 $0.75
MW Region
Medium 1 400 $13.72 $16.84 $5.60
Medium 2 750 $8.65 $9.44 $3.23
Largel 1,500 $0.95 $1.04 $0.67
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Table A-4 (continued)
Total Annualized Compliance Costs per Head for Option 1

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $0.70 $1.52 $10.20
Medium 1b 1422 $0.47 $5.47 $9.75
Medium 2 2,124 $0.29 $1.46 $8.20
Largel 3417 $0.09 $3.43 $8.81
Large2 10,029 $0.04 $3.86 $7.81
MA Region (GF)
Medium 1a 963 $0.56 $6.80 $10.17
Medium 1b 1521 $0.40 $3.50 $9.80
Medium 2 2,184 $0.31 $6.63 $9.60
Largel 3554 $0.09 $7.36 $8.80
Large2 8,893 $0.04 $6.18 $7.82
MW Region (FF)
Small 750 $0.48 NA NA
Medium 1a 814 $0.77 $1.70 $9.01
Medium 1b 1,460 $0.46 $1.07 $8.41
Medium 2 2,152 $0.29 $0.71 $7.08
Largel 3,444 $0.09 $0.48 $7.56
Large2 13,819 $0.03 $4.02 $6.16
MA Region (FF)
Medium 1a 846 $0.62 $1.51 $8.97
Medium 1b 1,518 $0.40 $5.60 $8.46
Medium 2 2,165 $0.31 $6.04 $8.26
Largel 3,509 $0.09 $5.65 $7.56
Large2 17,118 $0.03 $2.23 $6.15
Broilers
SO Region
Medium 1a 36,634 $0.09 $0.09 $0.08
Medium 1b 51,362 $0.09 $0.08 $0.07
Medium 2 73,776 $0.08 $0.08 $0.07
Largel 117,581 $0.08 $0.07 $0.06
Large2 281,453 $0.07 $0.06 $0.05
MA Region
Medium 1a 36,796 $0.09 $0.09 $0.08
Medium 1b 51,590 $0.09 $0.08 $0.07
Medium 2 73,590 $0.08 $0.08 $0.07
Largel 115,281 $0.08 $0.07 $0.07
Large2 303,155 $0.06 $0.06 $0.05
Layers
Wet SO Region
Small 1,000 $0.14 NA NA
Medium 2 3,654 $0.07 $0.55 $0.40
Largel 86,898 $0.01 $0.27 $0.16
Dry SO Region
Medium 1a 32,375 $0.03 $0.03 $0.02
Medium 1b 44,909 $0.03 $0.02 $0.02
Medium 2 97,413 $0.02 $0.02 $0.02
Largel 293512 $0.02 $0.02 $0.02
Large2 884,291 $0.02 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.03 $0.03 $0.02
Medium 1b 52,582 $0.03 $0.03 $0.02
Medium 2 97,484 $0.02 $0.02 $0.02
Largel 279,202 $0.02 $0.02 $0.02
Large2 1,229,095 $0.02 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.13 $0.13 $0.09
Medium 1b 31,267 $0.11 $0.11 $0.07
Medium 2 45,193 $0.09 $0.08 $0.06
Largel 97,111 $0.08 $0.07 $0.05
MW Region
Medium 1a 18,092 $0.17 $0.17 $0.13
Medium 1b 30,514 $0.15 $0.15 $0.12
Medium 2 45,469 $0.13 $0.13 $0.10
Largel 158,365 $0.12 $0.12 $0.10

(8) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-5
Total Annualized Compliance Costs per Head for Option 2

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $17.86 NA NA
Medium 1 455 $18.34 $21.56 $5.17
Medium 2 77 $11.96 $14.54 $2.56
Largel 1877 $1.61 $8.80 $0.60
Large2 30,003 $0.93 $4.12 $0.16
CE Region
Medium 1 455 $25.63 $35.32 $5.11
Medium 2 77 $19.21 $26.55 $2.51
Largel 1877 $6.44 $14.97 $0.52
Large2 30,003 $2.94 $10.48 $0.08
Dairy
PA Region
Medium 1 235 $21.42 $27.81 $13.76
Medium 2 460 $14.62 $30.66 $8.81
Largel 1,419 $8.07 $29.26 $5.00
MW Region
Small 200 $19.39 NA NA
Medium 1 235 $17.97 $21.60 $10.60
Medium 2 460 $12.20 $22.68 $6.66
Largel 1,419 $6.53 $18.05 $3.60
Veal
MW Region
Medium 1 400 $7.20 $2.76 $2.50
Medium 2 540 $3.72 $2.03 $1.84
Heifers
PA Region
Medium 1 400 $17.55 $20.87 $5.67
Medium 2 750 $11.61 $14.38 $3.28
Largel 1,500 $2.45 $5.03 $0.75
MW Region
Medium 1 400 $14.98 $18.78 $5.60
Medium 2 750 $9.64 $11.13 $3.23
Largel 1,500 $1.21 $2.23 $0.67
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Table A-5 (continued)
Total Annualized Compliance Costs per Head for Option 2

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $2.89 $3.52 $7.47
Medium 1b 1422 $2.67 $6.78 $7.00
Medium 2 2,124 $2.15 $4.48 $5.90
Largel 3417 $1.94 $5.33 $6.20
Large2 10,029 $1.69 $4.60 $5.48
MA Region (GF)
Medium 1a 963 $3.09 $7.85 $7.34
Medium 1b 1521 $2.89 $5.86 $7.21
Medium 2 2,184 $2.83 $7.07 $6.87
Largel 3554 $2.06 $6.78 $6.18
Large2 8,893 $1.79 $5.61 $5.52
MW Region (FF)
Small 750 $2.28 NA NA
Medium 1a 814 $2.95 $3.87 $6.96
Medium 1b 1,460 $2.65 $4.74 $6.37
Medium 2 2,152 $2.15 $2.18 $5.35
Largel 3,444 $1.93 $2.65 $5.61
Large2 13,819 $1.53 $4.44 $4.58
MA Region (FF)
Medium 1a 846 $3.15 $3.30 $6.92
Medium 1b 1,518 $2.93 $6.70 $6.33
Medium 2 2,165 $2.84 $7.03 $6.17
Largel 3,509 $2.06 $6.13 $5.61
Large2 17,118 $1.62 $3.65 $4.56
Broilers
SO Region
Medium 1a 36,634 $0.15 $0.10 $0.08
Medium 1b 51,362 $0.14 $0.09 $0.07
Medium 2 73,776 $0.13 $0.08 $0.07
Largel 117,581 $0.13 $0.08 $0.06
Large2 281,453 $0.11 $0.06 $0.05
MA Region
Medium 1a 36,796 $0.13 $0.11 $0.08
Medium 1b 51,590 $0.13 $0.10 $0.07
Medium 2 73,590 $0.12 $0.10 $0.07
Largel 115,281 $0.12 $0.09 $0.07
Large2 303,155 $0.10 $0.07 $0.05
Layers
Wet SO Region
Small 1,000 $0.32 NA NA
Medium 2 3,654 $0.24 $0.60 $0.39
Largel 86,898 $0.15 $0.27 $0.15
Dry SO Region
Medium 1a 32,375 $0.18 $0.04 $0.02
Medium 1b 44,909 $0.14 $0.04 $0.02
Medium 2 97,413 $0.15 $0.03 $0.02
Largel 293,512 $0.18 $0.02 $0.02
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.25 $0.05 $0.02
Medium 1b 52,582 $0.27 $0.04 $0.02
Medium 2 97,484 $0.23 $0.04 $0.02
Largel 279,202 $0.19 $0.03 $0.02
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.71 $0.29 $0.09
Medium 1b 31,267 $0.70 $0.23 $0.07
Medium 2 45,193 $0.61 $0.18 $0.06
Largel 97,111 $0.57 $0.16 $0.05
MW Region
Medium 1a 18,092 $0.83 $0.28 $0.13
Medium 1b 30,514 $0.79 $0.22 $0.12
Medium 2 45,469 $0.65 $0.18 $0.10
Largel 158,365 $0.65 $0.15 $0.10

(a) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-6
Total Annualized Compliance Costs per Head for Option 3

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $28.37 NA NA
Medium 1 455 $29.60 $32.26 $15.87
Medium 2 77 $21.00 $23.29 $11.31
Largel 1877 $8.26 $15.31 $7.12
Large2 30,003 $4.61 $7.79 $3.83
CE Region
Medium 1 455 $31.74 $41.03 $10.81
Medium 2 77 $24.12 $31.25 $7.21
Largel 1877 $9.39 $17.82 $3.37
Large2 30,003 $4.52 $12.06 $1.65
Dairy
PA Region
Medium 1 235 $48.23 $53.78 $39.72
Medium 2 460 $31.66 $47.34 $25.49
Largel 1,419 $20.02 $41.09 $16.83
MW Region
Small 200 $60.39 NA NA
Medium 1 235 $58.74 $61.51 $50.50
Medium 2 460 $39.99 $50.07 $34.05
Largel 1,419 $27.37 $38.76 $24.32
Veal
MW Region
Medium 1 400 $7.78 $2.91 $2.65
Medium 2 540 $4.75 $2.73 $2.54
Heifers
PA Region
Medium 1 400 $22.94 $27.72 $10.63
Medium 2 750 $15.41 $17.43 $6.86
Largel 1,500 $5.35 $7.79 $3.51
MW Region
Medium 1 400 $24.14 $27.49 $14.13
Medium 2 750 $16.11 $18.58 $9.37
Largel 1,500 $5.74 $6.60 $5.04
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Table A-6 (continued)
Total Annualized Compliance Costs per Head for Option 3

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $3.92 $4.44 $8.49
Medium 1b 1422 $3.41 $7.44 $7.77
Medium 2 2,124 $2.67 $4.91 $6.38
Largel 3417 $2.36 $5.67 $6.62
Large2 10,029 $1.94 $4.80 $5.74
MA Region (GF)
Medium 1a 963 $3.92 $8.61 $8.26
Medium 1b 1521 $3.54 $6.35 $7.79
Medium 2 2,184 $3.34 $7.48 $7.36
Largel 3554 $2.39 $7.06 $6.56
Large2 8,893 $2.01 $5.78 $5.73
MW Region (FF)
Small 750 $2.99 NA NA
Medium 1a 814 $4.07 $4.90 $8.08
Medium 1b 1,460 $3.39 $5.42 $7.11
Medium 2 2,152 $2.66 $2.60 $5.83
Largel 3,444 $2.35 $2.99 $6.03
Large2 13,819 $1.76 $4.61 $4.82
MA Region (FF)
Medium 1a 846 $4.07 $4.14 $7.73
Medium 1b 1,518 $3.53 $7.31 $6.90
Medium 2 2,165 $3.32 $7.44 $6.67
Largel 3,509 $2.40 $6.40 $5.94
Large2 17,118 $1.81 $3.79 $4.74
Broilers
SO Region
Medium 1a 36,634 $0.16 $0.11 $0.09
Medium 1b 51,362 $0.15 $0.10 $0.08
Medium 2 73,776 $0.14 $0.09 $0.08
Largel 117,581 $0.14 $0.08 $0.07
Large2 281,453 $0.11 $0.06 $0.05
MA Region
Medium 1a 36,796 $0.15 $0.13 $0.10
Medium 1b 51,590 $0.14 $0.12 $0.09
Medium 2 73,590 $0.13 $0.11 $0.08
Largel 115,281 $0.13 $0.10 $0.07
Large2 303,155 $0.10 $0.07 $0.06
Layers
Wet SO Region
Small 1,000 $0.57 NA NA
Medium 2 3,654 $0.36 $0.73 $0.51
Largel 86,898 $0.15 $0.28 $0.16
Dry SO Region
Medium 1a 32,375 $0.19 $0.05 $0.03
Medium 1b 44,909 $0.18 $0.04 $0.03
Medium 2 97,413 $0.15 $0.03 $0.02
Largel 293,512 $0.10 $0.02 $0.02
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.26 $0.06 $0.04
Medium 1b 52,582 $0.25 $0.05 $0.03
Medium 2 97,484 $0.23 $0.04 $0.02
Largel 279,202 $0.00 $0.03 $0.02
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.75 $0.32 $0.12
Medium 1b 31,267 $0.72 $0.25 $0.09
Medium 2 45,193 $0.62 $0.19 $0.07
Largel 97,111 $0.58 $0.17 $0.05
MW Region
Medium 1a 18,092 $0.83 $0.32 $0.17
Medium 1b 30,514 $0.81 $0.24 $0.15
Medium 2 45,469 $0.67 $0.19 $0.12
Largel 158,365 $0.66 $0.16 $0.10

(a) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-7
Total Annualized Compliance Costs per Head for Option 3A

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $80.06 NA NA
Medium 1 455 $64.02 $67.24 $51.06
Medium 2 77 $47.97 $50.56 $38.69
Largel 1877 $27.46 $34.65 $26.50
Large2 30,003 $15.88 $19.08 $15.12
CE Region
Medium 1 455 $70.62 $80.32 $50.31
Medium 2 77 $54.64 $61.98 $38.06
Largel 1877 $30.06 $38.59 $24.19
Large2 30,003 $16.65 $24.20 $13.79
Dairy
PA Region
Medium 1 235 $228.84 $235.23 $221.62
Medium 2 460 $148.83 $164.88 $143.21
Largel 1,419 $100.45 $121.64 $97.44
MW Region
Small 200 $228.08 NA NA
Medium 1 235 $183.75 $187.38 $176.79
Medium 2 460 $126.14 $136.62 $120.80
Largel 1,419 $88.44 $99.96 $85.57
Veal
MW Region
Medium 1 NA NA NA NA
Medium 2 NA NA NA NA
Heifers
CE Region
Medium 1 400 $58.34 $60.86 $46.71
Medium 2 750 $40.34 $43.96 $32.14
Largel 1,500 $23.91 $27.14 $22.28
MW Region
Medium 1 400 $53.46 $55.50 $44.33
Medium 2 750 $36.78 $39.57 $30.50
Largel 1,500 $18.66 $20.16 $18.18
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Table A-7 (continued)
Total Annualized Compliance Costs per Head for Option 3A

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $9.25 $8.89 $18.74
Medium 1b 1422 $7.18 $11.04 $16.45
Medium 2 2,124 $5.19 $5.39 $13.09
Largel 3417 $4.63 $6.94 $13.35
Large2 10,029 $3.30 $6.23 $11.07
MA Region (GF)
Medium 1a 963 $8.92 $13.96 $18.53
Medium 1b 1521 $7.00 $8.95 $16.40
Medium 2 2,184 $5.96 $11.16 $15.25
Largel 3554 $4.58 $10.83 $13.30
Large2 8,893 $3.37 $8.61 $11.15
MW Region (FF)
Small 750 $2.28 NA NA
Medium 1a 814 $9.84 $9.58 $18.08
Medium 1b 1,460 $7.08 $6.55 $15.03
Medium 2 2,152 $5.16 $4.61 $11.94
Largel 3,444 $4.62 $3.97 $12.09
Large2 13,819 $2.94 $6.11 $9.08
MA Region (FF)
Medium 1a 846 $9.63 $9.31 $17.98
Medium 1b 1,518 $7.00 $11.06 $15.06
Medium 2 2,165 $5.98 $10.59 $13.93
Largel 3,509 $4.60 $9.13 $12.07
Large2 17,118 $2.87 $4.26 $9.00
Broilers
SO Region
Medium 1a 36,634 $0.18 $0.13 $0.11
Medium 1b 51,362 $0.16 $0.12 $0.10
Medium 2 73,776 $0.15 $0.10 $0.09
Largel 117,581 $0.14 $0.09 $0.08
Large2 281,453 $0.11 $0.07 $0.06
MA Region
Medium 1a 36,796 $0.17 $0.15 $0.12
Medium 1b 51,590 $0.15 $0.13 $0.10
Medium 2 73,590 $0.14 $0.12 $0.09
Largel 115,281 $0.14 $0.11 $0.08
Large2 303,155 $0.10 $0.07 $0.06
Layers
Wet SO Region
Small 1,000 $0.46 NA NA
Medium 2 3,654 $0.57 $0.93 $0.72
Largel 86,898 $0.18 $0.30 $0.18
Dry SO Region
Medium 1a 32,375 $0.22 $0.07 $0.05
Medium 1b 44,909 $0.22 $0.06 $0.04
Medium 2 97,413 $0.15 $0.04 $0.03
Largel 293512 $0.02 $0.03 $0.02
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.30 $0.08 $0.05
Medium 1b 52,582 $0.23 $0.06 $0.04
Medium 2 97,484 $0.24 $0.05 $0.03
Largel 279,202 $0.00 $0.03 $0.02
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.76 $0.36 $0.16
Medium 1b 31,267 $0.75 $0.28 $0.12
Medium 2 45,193 $0.53 $0.21 $0.09
Largel 97,111 $0.92 $0.18 $0.07
MW Region
Medium 1a 18,092 $0.87 $0.36 $0.22
Medium 1b 30,514 $0.85 $0.28 $0.18
Medium 2 45,469 $0.62 $0.21 $0.14
Largel 158,365 $0.60 $0.17 $0.11

(8) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-8
Total Annualized Compliance Costs per Head for Option 4

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $37.00 NA NA
Medium 1 455 $38.77 $41.44 $25.04
Medium 2 77 $25.79 $28.08 $16.10
Largel 1877 $10.24 $17.29 $9.10
Large2 30,003 $4.72 $7.90 $3.94
CE Region
Medium 1 455 $40.91 $50.20 $19.98
Medium 2 77 $28.91 $36.04 $12.00
Largel 1877 $11.37 $19.80 $5.35
Large2 30,003 $4.63 $12.17 $L.77
Dairy
PA Region
Medium 1 235 $66.89 $72.43 $58.38
Medium 2 460 $39.75 $55.43 $33.58
Largel 1,419 $22.41 $43.49 $19.22
MW Region
Small 200 $80.53 NA NA
Medium 1 235 $76.50 $79.26 $68.26
Medium 2 460 $48.08 $58.16 $42.15
Largel 1,419 $29.77 $41.16 $26.71
Veal
MW Region
Medium 1 400 $18.74 $13.87 $13.61
Medium 2 540 $12.86 $10.85 $10.66
Heifers
PA Region
Medium 1 400 $33.90 $37.00 $21.59
Medium 2 750 $20.97 $22.99 $12.42
Largel 1,500 $8.28 $10.72 $6.43
MW Region
Medium 1 400 $35.10 $37.32 $25.09
Medium 2 750 $21.67 $24.14 $14.94
Largel 1,500 $8.22 $9.08 $7.52
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Table A-8 (continued)
Total Annualized Compliance Costs per Head for Option 4

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $6.54 $7.06 $11.11
Medium 1b 1422 $5.07 $9.09 $9.43
Medium 2 2,124 $3.61 $5.85 $7.32
Largel 3417 $3.24 $6.56 $7.50
Large2 10,029 $2.21 $5.06 $6.01
MA Region (GF)
Medium 1a 963 $8.31 $13.00 $12.65
Medium 1b 1521 $6.32 $9.13 $10.57
Medium 2 2,184 $5.27 $9.42 $9.29
Largel 3554 $3.36 $8.03 $7.53
Large2 8,893 $2.36 $6.12 $6.08
MW Region (FF)
Small 750 $4.57 NA NA
Medium 1a 814 $6.96 $7.80 $10.97
Medium 1b 1,460 $5.01 $7.03 $3.73
Medium 2 2,152 $3.58 $3.53 $6.76
Largel 3,444 $3.23 $3.86 $6.90
Large2 13,819 $1.94 $4.79 $4.99
MA Region (FF)
Medium 1a 846 $9.07 $9.13 $12.72
Medium 1b 1,518 $6.32 $10.10 $9.69
Medium 2 2,165 $5.28 $9.39 $8.62
Largel 3,509 $3.38 $7.38 $6.92
Large2 17,118 $1.97 $3.96 $4.91
Broilers
SO Region
Medium 1a 36,634 $0.28 $0.24 $0.22
Medium 1b 51,362 $0.24 $0.19 $0.17
Medium 2 73,776 $0.20 $0.15 $0.14
Largel 117,581 $0.17 $0.12 $0.11
Large2 281,453 $0.12 $0.08 $0.07
MA Region
Medium 1a 36,796 $0.27 $0.25 $0.22
Medium 1b 51,590 $0.23 $0.20 $0.17
Medium 2 73,590 $0.19 $0.17 $0.14
Largel 115,281 $0.16 $0.14 $0.11
Large2 303,155 $0.11 $0.08 $0.07
Layers
Wet SO Region
Small 1,000 $2.98 NA NA
Medium 2 3,654 $1.59 $1.95 $1.74
Largel 86,898 $0.19 $0.32 $0.20
Dry SO Region
Medium 1a 32,375 $0.30 $0.17 $0.15
Medium 1b 44,909 $0.26 $0.13 $0.11
Medium 2 97,413 $0.18 $0.07 $0.05
Largel 293,512 $0.11 $0.04 $0.03
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.36 $0.16 $0.13
Medium 1b 52,582 $0.32 $0.12 $0.10
Medium 2 97,484 $0.27 $0.08 $0.06
Largel 279,202 $0.20 $0.04 $0.03
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.98 $0.56 $0.36
Medium 1b 31,267 $0.86 $0.39 $0.23
Medium 2 45,193 $0.70 $0.27 $0.15
Largel 97,111 $0.62 $0.20 $0.09
MW Region
Medium 1a 18,092 $1.07 $0.56 $0.41
Medium 1b 30,514 $0.95 $0.39 $0.29
Medium 2 45,469 $0.75 $0.27 $0.20
Largel 158,365 $0.68 $0.18 $0.13

(a) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-9
Total Annualized Compliance Costs per Head for Option 5

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $42.32 NA NA
Medium 1 455 $49.02 $52.23 $35.85
Medium 2 77 $40.19 $42.74 $30.80
Largel 1877 $29.30 $36.45 $28.28
Large2 30,003 $26.89 $30.37 $26.12
CE Region
Medium 1 455 $58.44 $68.12 $37.92
Medium 2 77 $49.47 $56.76 $32.76
Largel 1877 $36.77 $45.28 $30.85
Large2 30,003 $31.59 $39.08 $28.73
Dairy
PA Region
Medium 1 235 $45.02 $51.41 $37.36
Medium 2 460 $33.07 $49.32 $27.26
Largel 1,419 $18.08 $38.17 $15.01
MW Region
Small 200 $48.75 NA NA
Medium 1 235 $47.64 $50.75 $40.26
Medium 2 460 $37.04 $48.77 $31.50
Largel 1,419 $22.52 $33.19 $19.59
Veal
MW Region
Medium 1 400 $7.20 $2.76 $2.50
Medium 2 540 $3.72 $2.03 $1.84
Heifers
PA Region
Medium 1 400 $20.40 $23.68 $8.52
Medium 2 750 $13.30 $15.50 $4.97
Largel 1,500 $3.30 $5.86 $1.60
MW Region
Medium 1 400 $17.83 $22.75 $8.44
Medium 2 750 $11.33 $12.79 $4.92
Largel 1,500 $1.95 $2.97 $1.42
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Table A-9 (continued)
Total Annualized Compliance Costs per Head for Option 5

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $7.30 $6.03 $7.47
Medium 1b 1422 $6.82 $8.72 $7.00
Medium 2 2,124 $5.69 $6.81 $5.90
Largel 3417 $5.68 $5.43 $6.20
Large2 10,029 $5.02 $4.45 $5.48
MA Region (GF)
Medium 1a 963 $7.53 $9.43 $7.34
Medium 1b 1521 $7.09 $5.79 $7.21
Medium 2 2,184 $6.90 $8.55 $6.87
Largel 3554 $5.80 $7.55 $6.18
Large2 8,893 $5.13 $4.97 $5.52
MW Region (FF)
Small 750 $5.80 NA NA
Medium 1a 814 $7.45 $6.64 $6.96
Medium 1b 1,460 $6.79 $6.03 $6.37
Medium 2 2,152 $5.68 $4.35 $5.35
Largel 3,444 $5.68 $6.19 $5.61
Large2 13,819 $4.63 $5.44 $4.58
MA Region (FF)
Medium 1a 846 $7.69 $5.87 $6.92
Medium 1b 1,518 $7.13 $8.18 $6.33
Medium 2 2,165 $6.91 $8.10 $6.17
Largel 3,509 $5.80 $7.05 $5.61
Large2 17,118 $4.71 $3.63 $4.56
Broilers
SO Region
Medium 1a 36,634 $0.15 $0.10 $0.08
Medium 1b 51,362 $0.14 $0.09 $0.07
Medium 2 73,776 $0.13 $0.08 $0.07
Largel 117,581 $0.13 $0.08 $0.06
Large2 281,453 $0.11 $0.06 $0.05
MA Region
Medium 1a 36,796 $0.13 $0.11 $0.08
Medium 1b 51,590 $0.13 $0.10 $0.07
Medium 2 73,590 $0.12 $0.10 $0.07
Largel 115,281 $0.12 $0.09 $0.07
Large2 303,155 $0.10 $0.07 $0.05
Layers
Wet SO Region
Small 1,000 $0.83 NA NA
Medium 2 3,654 $0.55 $0.60 $0.39
Largel 86,898 $0.27 $0.27 $0.15
Dry SO Region
Medium 1a 32,375 $0.18 $0.04 $0.02
Medium 1b 44,909 $0.14 $0.04 $0.02
Medium 2 97,413 $0.15 $0.03 $0.02
Largel 293,512 $0.18 $0.02 $0.02
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.25 $0.05 $0.02
Medium 1b 52,582 $0.27 $0.04 $0.02
Medium 2 97,484 $0.23 $0.04 $0.02
Largel 279,202 $0.19 $0.03 $0.02
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.71 $0.29 $0.09
Medium 1b 31,267 $0.70 $0.23 $0.07
Medium 2 45,193 $0.61 $0.18 $0.06
Largel 97,111 $0.57 $0.16 $0.05
MW Region
Medium 1a 18,092 $0.83 $0.28 $0.13
Medium 1b 30,514 $0.79 $0.22 $0.12
Medium 2 45,469 $0.65 $0.18 $0.10
Largel 158,365 $0.65 $0.15 $0.10

(a) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-10
Total Annualized Compliance Costs per Head for Option 6

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $17.86 NA NA
Medium 1 455 $18.34 $21.56 $5.17
Medium 2 77 $11.96 $14.54 $2.56
Largel 1877 $1.61 $8.80 $0.60
Large2 30,003 $0.93 $4.12 $0.16
CE Region
Medium 1 455 $25.63 $35.32 $5.11
Medium 2 77 $19.21 $26.55 $2.51
Largel 1877 $6.44 $14.97 $0.52
Large2 30,003 $2.94 $10.48 $0.08
Dairy
PA Region
Medium 1 235 $21.42 $31.27 $13.76
Medium 2 460 $32.21 $51.40 $26.41
Largel 1,419 $7.05 $30.15 $3.98
MW Region
Small 200 $24.58 NA NA
Medium 1 235 $17.97 $24.85 $10.60
Medium 2 460 $30.74 $44.37 $25.20
Largel 1,419 $7.62 $21.08 $4.68
Veal
MW Region
Medium 1 400 $7.20 $2.76 $2.50
Medium 2 540 $3.72 $2.03 $1.84
Heifers
PA Region
Medium 1 400 $17.55 $20.87 $5.67
Medium 2 750 $11.61 $13.85 $3.28
Largel 1,500 $2.45 $5.03 $0.75
MW Region
Medium 1 400 $14.98 $17.83 $5.60
Medium 2 750 $9.64 $11.13 $3.23
Largel 1,500 $1.21 $2.23 $0.67
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Table A-10 (continued)
Total Annualized Compliance Costs per Head for Option 6

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $2.89 $3.52 $7.47
Medium 1b 1422 $2.67 $6.78 $7.00
Medium 2 2,124 $2.15 $4.48 $5.90
Largel 3417 $1.94 $5.33 $6.20
Large2 10,029 $1.36 $4.27 $5.15
MA Region (GF)
Medium 1a 963 $3.09 $7.85 $7.34
Medium 1b 1521 $2.89 $5.86 $7.21
Medium 2 2,184 $2.83 $7.07 $6.87
Largel 3554 $2.06 $6.78 $6.18
Large2 8,893 $2.68 $6.50 $6.41
MW Region (FF)
Small 750 $0.99 NA NA
Medium 1a 814 $2.95 $3.87 $6.96
Medium 1b 1,460 $2.65 $4.74 $6.37
Medium 2 2,152 $2.15 $2.18 $5.35
Largel 3,444 $1.93 $2.65 $5.61
Large2 13,819 $4.10 $7.00 $7.15
MA Region (FF)
Medium 1a 846 $3.15 $3.30 $6.92
Medium 1b 1,518 $2.93 $6.70 $6.33
Medium 2 2,165 $2.84 $7.03 $6.17
Largel 3,509 $2.06 $6.13 $5.61
Large2 17,118 $3.55 $5.58 $6.48
Broilers
SO Region
Medium 1a 36,634 $0.15 $0.10 $0.08
Medium 1b 51,362 $0.14 $0.09 $0.07
Medium 2 73,776 $0.13 $0.08 $0.07
Largel 117,581 $0.13 $0.08 $0.06
Large2 281,453 $0.11 $0.06 $0.05
MA Region
Medium 1a 36,796 $0.13 $0.11 $0.08
Medium 1b 51,590 $0.13 $0.10 $0.07
Medium 2 73,590 $0.12 $0.10 $0.07
Largel 115,281 $0.12 $0.09 $0.07
Large2 303,155 $0.10 $0.07 $0.05
Layers
Wet SO Region
Small 1,000 $0.32 NA NA
Medium 2 3,654 $0.24 $0.60 $0.39
Largel 86,898 $0.15 $0.27 $0.15
Dry SO Region
Medium 1a 32,375 $0.18 $0.04 $0.02
Medium 1b 44,909 $0.14 $0.04 $0.02
Medium 2 97,413 $0.15 $0.03 $0.02
Largel 293,512 $0.18 $0.02 $0.02
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.25 $0.05 $0.02
Medium 1b 52,582 $0.27 $0.04 $0.02
Medium 2 97,484 $0.23 $0.04 $0.02
Largel 279,202 $0.19 $0.03 $0.02
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.71 $0.29 $0.09
Medium 1b 31,267 $0.70 $0.23 $0.07
Medium 2 45,193 $0.61 $0.18 $0.06
Largel 97,111 $0.57 $0.16 $0.05
MW Region
Medium 1a 18,092 $0.83 $0.28 $0.13
Medium 1b 30,514 $0.79 $0.22 $0.12
Medium 2 45,469 $0.65 $0.18 $0.10
Largel 158,365 $0.65 $0.15 $0.10

(a) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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Table A-11
Total Annualized Compliance Costs per Head for Option 7

Sector/Model Head Category 1 Category 2 Category 3
Beef
MW Region
Small 112 $18.21 NA NA
Medium 1 455 $18.34 $21.56 $5.17
Medium 2 77 $13.18 $15.76 $3.79
Largel 1877 $2.42 $9.61 $1.41
Large2 30,003 $1.19 $4.38 $0.42
CE Region
Medium 1 455 $25.63 $35.32 $5.11
Medium 2 77 $21.39 $28.73 $4.69
Largel 1877 $7.87 $16.40 $1.95
Large2 30,003 $3.43 $10.98 $0.57
Dairy
PA Region
Medium 1 235 $21.42 $27.81 $13.76
Medium 2 460 $34.26 $50.30 $28.45
Largel 1,419 $24.69 $45.88 $21.62
MW Region
Small 200 $13.14 NA NA
Medium 1 235 $17.97 $21.60 $10.60
Medium 2 460 $37.31 $47.79 $31.77
Largel 1,419 $27.62 $39.13 $24.68
Veal
MW Region
Medium 1 400 $7.20 $2.76 $2.50
Medium 2 540 $3.72 $2.03 $1.84
Heifers
PA Region
Medium 1 400 $17.55 $21.92 $5.67
Medium 2 750 $11.61 $14.38 $3.28
Largel 1,500 $2.45 $5.03 $0.75
MW Region
Medium 1 400 $14.98 $17.83 $5.60
Medium 2 750 $9.64 $11.13 $323
Largel 1,500 $1.21 $2.23 $0.67
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Table A-11 (continued)
Total Annualized Compliance Costs per Head for Option 7

Sector/Model Head Category1  Category 2 Category 3
Hogs (a)
MW Region (GF)
Medium 1a 900 $2.89 $8.79 $7.47
Medium 1b 1422 $2.67 $10.68 $7.00
Medium 2 2,124 $2.15 $7.08 $5.90
Largel 3417 $1.94 $7.52 $6.20
Large2 10,029 $1.69 $5.80 $5.48
MA Region (GF)
Medium 1a 963 $3.09 $13.00 $7.34
Medium 1b 1521 $2.89 $9.68 $7.21
Medium 2 2,184 $2.83 $10.15 $6.87
Largel 3554 $2.06 $8.92 $6.18
Large2 8,893 $1.79 $6.87 $5.52
MW Region (FF)
Small 750 $2.28 NA NA
Medium 1a 814 $2.95 $9.52 $6.96
Medium 1b 1,460 $2.65 $8.58 $6.37
Medium 2 2,152 $2.15 $4.77 $5.35
Largel 3,444 $1.93 $4.83 $5.61
Large2 13,819 $1.53 $5.41 $4.58
MA Region (FF)
Medium 1a 846 $3.15 $8.93 $6.92
Medium 1b 1,518 $2.93 $10.53 $6.33
Medium 2 2,165 $2.84 $10.12 $6.17
Largel 3,509 $2.06 $8.29 $5.61
Large2 17,118 $1.62 $4.56 $4.56
Broilers
SO Region
Medium 1a 36,634 $0.15 $0.10 $0.08
Medium 1b 51,362 $0.14 $0.09 $0.07
Medium 2 73,776 $0.13 $0.08 $0.07
Largel 117,581 $0.13 $0.08 $0.06
Large2 281,453 $0.11 $0.06 $0.05
MA Region
Medium 1a 36,796 $0.13 $0.11 $0.08
Medium 1b 51,590 $0.13 $0.10 $0.07
Medium 2 73,590 $0.12 $0.10 $0.07
Largel 115,281 $0.12 $0.09 $0.07
Large2 303,155 $0.10 $0.07 $0.05
Layers
Wet SO Region
Small 1,000 $0.32 NA NA
Medium 2 3,654 $0.24 $0.60 $0.39
Largel 86,898 $0.15 $0.27 $0.15
Dry SO Region
Medium 1a 32,375 $0.18 $0.04 $0.02
Medium 1b 44,909 $0.14 $0.04 $0.02
Medium 2 97,413 $0.15 $0.03 $0.02
Largel 293,512 $0.18 $0.02 $0.02
Large2 884,291 $0.00 $0.02 $0.02
Dry MW Region
Medium 1a 37,906 $0.25 $0.05 $0.02
Medium 1b 52,582 $0.27 $0.04 $0.02
Medium 2 97,484 $0.23 $0.04 $0.02
Largel 279,202 $0.19 $0.03 $0.02
Large2 1,229,095 $0.00 $0.02 $0.02
Turkeys
MA Region
Medium 1a 18,539 $0.71 $0.29 $0.09
Medium 1b 31,267 $0.70 $0.23 $0.07
Medium 2 45,193 $0.61 $0.18 $0.06
Largel 97,111 $0.57 $0.16 $0.05
MW Region
Medium 1a 18,092 $0.83 $0.28 $0.13
Medium 1b 30,514 $0.79 $0.22 $0.12
Medium 2 45,469 $0.65 $0.18 $0.10
Largel 158,365 $0.65 $0.15 $0.10

(a) Two categories of hog farms are included: grower-finish (GF) and farrow-finish (FF).
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APPENDIX B

MARKET MODEL DESCRIPTION

This appendix describes the market model that EPA uses to estimate changes in market
prices and quantities attributable to the proposed CAFO regulations. Section B.1 presents a non-
technical overview of the market model. Section B.2 describes the selection of baseline
parameters and elasticities for the model. Section B.3 presents the model in more technical detail
and is intended for readers with a background in microeconomics. Section B.4 discusses how the
model is used to estimate the impacts of regulatory costs. Section B.5 contains a glossary of
notation for the COSTBEN and EPA market models.

B.1 INTRODUCTION AND OVERVIEW

The market model for this analysisis adapted from the COSTBEN model developed by
the U.S. Department of Agriculture, Economic Research Service (ERS) to analyze the effects of
policy changes on livestock and poultry markets (Hahn, 1996). COSTBEN uses alinear, partia
equilibrium model of supply and demand for a product with two stages of production: a market
for the final product, e.g., retail beef products, and a market for the intermediate product, e.g., fed
cattle. The model istypical of textbook supply and demand analysis (Tomek and Robinson, 1972;
Kohlsand Uhl, 1998). The model assumes perfect competition in all markets. Supply and
demand “curves’ are assumed to be straight lines (i.e., linear model).

The EPA market model differs from COSTBEN in severa ways. COSTBEN forecasts
the short-run dynamics of the market as it evolves to a new long-run equilibrium using an iterative
process, in which the model is recalibrated to a forecast baseline at each iteration. A long-run
static analysis is more appropriate for analysis of the ultimate market effects of the proposed
CAFO regulations. EPA’s market model is simpler than COSTBEN because it extracts only
those elements of the COSTBEN model essential to finding along-run equilibrium. COSTBEN
includes models for more general categories of poultry and red meat, and sector-specific models
for cattle, hogs, chicken, and turkeys sold for daughter. EPA expands on the COSTBEN data
sets to include separate models for each sector, including cattle, hogs, broilers, and turkeys, as
well as the non-meat sectors (egg layers and milk cows). For the egg and dairy sectors, the
intermediate product/fina product model structure reflects the market conditions for eggs and
milk.

The EPA market model, like COSTBEN, treats each animal sector separately. Each
sector has two markets: the market for the intermediate products of farm production, cattle, hogs,
broilers, turkeys, raw milk, and eggs (henceforth termed collectively as “farm products’) and the
retail market for their related finished products (poultry and red meats, fluid milk and dairy
products, and shell eggs). The markets are related since the supply of farm products affects the
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supply of retail products and the demand for finished goods generates a derived demand for farm
products. The model, basicaly, puts the supply of each farm product into the same units as
demand for the related retail product and finds the price and quantity where supply equals
demand. Thisisthe long-run equilibrium point. Regulatory costs are modeled as shiftsin the
demand or supply functions. The proposed CAFO regulations increase producers’ costs so they
are modeled as an upward shift in the supply function. EPA measures these impacts as the change
from the baseline equilibrium to the new post-regulatory equilibrium.

The EPA market model can be thought of as starting with the domestic farm product
supply function. For any price, this function tells how much product will be raised for sale by
U.S. farmers. Additional supplies of imported farm products are added to domestic supply, and
exports are subtracted to yield a trade-adjusted supply function for the farm product. The trade-
adjusted supply function is a modeling convenience which summarizes in one equation al of the
farm product available to U.S. processors.' In the poultry and dairy markets, where there is no
significant international trade in the raw farm products, the trade-adjusted supply function is
identical to the domestic supply function. While international trade in cattle and hogsis not a
large factor in the U.S. market, free trade agreements with Canada and Mexico have resulted in
importation of fed cattle and hogs for slaughter by U.S. packers.

Raw farm products are processed into finished products. The EPA market model
describes the processing step with a conversion ratio and marginal processing cost. The
conversion ratio expresses the amount of farm output required to make the finished product. For
example, in the beef model it converts number of cattle slaughtered to pounds of beef produced.
The marginal processing cost per animal shows the processing industry’ s costs of production. In
the EPA market model, marginal costs of processing are just the difference between the retail
price and the farm level price adjusted so they are in the same units. The marginal processing cost
includes transportation to market and retail packaging, as well as those activitiestypically
associated with packing and processing animal products. The trade-adjusted supply function for
farm output can be converted to a supply function for finished, retail products using the
conversion ratio and margina processing cost.

To find the long-run equilibrium, supply must equal demand. The model has alinear
domestic demand function for the retail product. In addition to domestic production, retail
products are imported and exported. Supply and demand conditions in these markets are
discussed in detail in Section 2.2.3. The domestic retail demand is adjusted by retail product
imports and exportsto yield a trade-adjusted demand function for the retail product. Asthe
trade-adjusted supply function is a convenient summary of inputs available to domestic
processors, so trade-adjusted demand is a convenient summary of distribution of their products.
The trade-adjusted retail supply function is equated to the trade-adjusted retail demand function
to find the long-run equilibrium price and quantity in the retail product market.

1Trade-adj usted supply differs from “Total Supply,” which is domestic production plus imports, in that it
includes exports. Trade-adjusted supply also differs from “Net Trade” in that it includes domestic production.

B-2



Once the long-run equilibrium retail price is determined, the conversion ratio and the
marginal processing cost relationships allow EPA to trandate the retail price to a price for the
farm product. The farm product price applied to the farm product supply function determines the
quantity that will be produced domestically at the market equilibrium. The retail and farm product
prices also determine the quantities of imports and exports of the farm and retail products when
applied to the import and export equations.

The EPA market model deals with each of six animal sectorsindividualy. The model does
not account for possible multi-market effects and interactions between one sector and the other
livestock and poultry sectors or other sectorsin the economy. (The general equilibrium price
effects are discussed in more detail in Section B.3.) The model also does not account for the
possibility that consumers may substitute red meat for chicken (when chicken pricesrise, for
example). Studies have shown that interventions in one market may have effects in other markets
(Thurman and Wohlgenant, 1989).

Like COSTBEN, the EPA market model is used to evaluate aternatives by changing some
assumptions or parameters of the model. For analysis of the proposed CAFO regulations, the
compliance costs increase farmers marginal costs of production. EPA estimates the impact of the
regulation by how that shift affects the overall market. Changesin prices and welfare are
measured as differences between the baseline, preregulatory equilibrium and the shocked,
postregulatory equilibrium. Figure B-1 summarizes the baseline and postregulatory states of the
model (subscripted as b and 1 respectively).? Higher farm costs shift the domestic farm product
supply function to the left, which smilarly shifts the finished product supply function and the
equilibrium price at the intersection of retail supply and demand rises. Thereis considerable
evidence in the literature that shocks to farm level prices are quickly transmitted to retail markets
(Mclntosh, Park, and Karnum, 1997; Goodwin and Holt, 1999). Higher retail pricesimply
higher farm product prices and lower farm product sales. A summary of the empirical research on
the ability of producers to pass on compliance costs is provided in the rulemaking record (ERG,
2000c).

These changes in prices and quantities directly affect the revenue, costs, production, and
employment of firms throughout the marketing chain. (These relationships are also discussed in
Section 4.4.1 of thisreport). Farms must pay for improvements to comply with the new
regulations as well as sell a smaller quantity because of the increase in price. The shaded areain
the Domestic Farm Product Market panel of Figure B-2 illustrates the direct impact on farms.
The processing industry also feels the effects of smaller production. Consumers absorb some of
the compliance costs through the cost passthrough process. These direct impacts are shown by
the shaded areas in the Retail Product Market panel of Figure B-2. These direct effects have

2Figur% areincluded in this section for illustration and will be discussed in more depth in Sections B.3
and B.4. Variables are defined in Section B.3 and appear in aglossary in Section B.5.
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Figure B-1 Livestock and Pouliry Products Market Model
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ripple effects throughout the economy. The EPA market model calculates the changesin
quantities supplied and demanded for each commaodity at the farm, processor, and consumer
levels. Using the estimated market value of these quantity changes, EPA is able to evaluate other
direct and indirect effects, including changes in national employment and changes in nationa
economic flows throughout the economy.

B.2 MODEL PARAMETERSAND DATA

Section 4.4.2 of this report discusses the sources used for data and parameters in the EPA
market model. This section discusses the selection of elasticities and baseline values for the
model. COSTBEN and the EPA market model require specification of six long-run elasticity
estimates. farm product supply, farm product import supply, farm product export demand, retail
import supply, retail export demand, and domestic retail product demand. These elasticities
determine the slopes of the model functions and thus show how much quantities change when
prices change. To establish the starting conditions for the model, a base year is selected. All of
the coefficients of the model are derived so that the undisturbed model yields the baseline results.

EPA has conducted an extensive literature review to find elasticity values for relevant
markets from existing agricultural economic studies. This literature review is summarized in
Appendix C of thisreport. Although there are many studies, there is little consensus on the
correct demand and supply elagticities for the relevant markets. Table B-1 summarizes the results
of the literature search with the maximums and minimums observed. Differences among estimates
depend on many factors. Many different econometric methods are used in these studies.
Additionally, the studies encompass differing production time frames and sample years.

EPA uses the price elasticity of demand values reported by USDA from an integrated
analysis of retail demand for food (Huang, 1993). The use of results from a single study ensures
consistency of methods and sample. Table B-1 shows that the values Huang found are
comparable to other demand elasticitiesin the literature. In general, food demand tends to be
inelastic because food is a necessity. For some products, such as beef, sales are more sensitive to
price because many beef products are considered luxuries and have many substitutes. Milk and
eggs are staplesin many peoples’ diets and have few substitutes, so demand is very indlastic, i.e.,
guantities do not change much in response to changesin price. Retail demand elasticities are
appropriate for the COSTBEN and EPA market models which convert farm product supply into
retail market terms.

The available estimates of price elasticities of supply are not estimated in a similar unified
way because each sector has different characteristics. For this analysis, EPA uses supply
elasticities for the model that originate from various different sources. In some cases, both short-
and long-run price elasticity of supply estimates are available. Short-run price easticities of

B-6



Table B-1. Elasticity Estimatesin the Agricultural Economics Literature ?

Variable Beef ¥ Dairy Hog Broiler ¢ Layer Turkey

Price Elasticity of Demand

Maximum -0.45 -0.05 -0.07 -0.10 -0.02 -0.37
Minimum -1.27 -0.65 -1.23 -1.25 -0.78 -0.68
Selected (Huang, 1993) -0.621 -0.247 -0.728 -0.372 -0.110 -0.535

Price Elasticity of Supply

Maximum 3.24 6.69 1.80 0.59 0.94 0.52
Minimum 0.06 0.07 0.01 0.06 0.03 0.21
Selected ¢ 1.020 1.527 0.628 0.20 0.942 0.20
¥See Appendix C for maximum and minimum citations.
Excludes ground beef.

“Includes various forms of chicken meat.

YSelected elasticity of supply sources: Beef, including heifers and veal (Foster and Burt, 1992, adjusted by Foster,
2000a); Dairy (Chavas, Kraus, and Jesse, 1990); Hog (Holt and Johnson, 1988); Broiler and Turkey (Vukina,
2000); Layer (Chavas and Johnson, 1981).

supply tend to be inelastic because the flow of animal products to market is determined by
decisions made several months, or years, before the products will reach the market. In contrast,
some livestock economic models assume that long-run elasticities of supply are perfectly elastic
because producers have time to adjust their production decisions and adapt to changing
conditions (Hahn, 1998). The biology of the animal production process limits the adaptability of
producers to changing market conditions. The “long run” islonger for animals with ow
production cycles than for those with relatively fast cycles. Chicken flock size, for example, can
be adjusted within afew months, while cattle herds require yearsto adjust. Asthisisalong-run
analysis, EPA has generally selected more elastic price elasticity of supply values from the range
in the literature.

EPA did not identify estimates of the elasticity of imports and exports for these sectors
from the available literature. Many factors affect imports and exports including exchange rates,
foreign economic conditions, weather in competing production areas, and foreign government
policies. For simplicity, COSTBEN and the EPA market model summarize al of these factors
into linear supply and demand functions that represent the rest of the world. Although thereisa
general consensus that foreign markets are more sengitive to prices than domestic markets
(Foster, 2000a), rest-of-the-world response to changesin U.S. prices for animal products has not
been widely studied. EPA assumes that elasticities for imports are the same as domestic supply
elasticities, and export demand elasticities are the same as domestic demand el asticities.
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To assess how the elasticity choices affect the market model results, EPA conducted
sengitivity analyses using the minimum and maximum elasticities as well as changing the trade
assumptions. These sengitivity analysis results appear in Appendix D of thisreport. These
sengitivity analyses conclude that the results presented in Section 5 of this report are stable across
arange of possible modeling assumptions.

To scale the model to observed values, a base year must be selected. The model
coefficients are calculated so that the baseline values are an equilibrium point in both the farm
product and retail markets. Any year with adequate data could serve as a base year. EPA
selected 1997 to correspond with the year of the engineering cost and financial data. Sensitivity
analysesin Appendix D indicate that the selection of baseline prices has little effect on model
outcomes given the size of shocks being evaluated. The baseline values and sources for all
variables, i.e., prices and quantities, and parameters, i.e., elasticities and multipliers, are
summarized in Section 4.4.2 and Table 4-14 of this report.

B.3 MODEL IN DETAIL

The framework of EPA’s market model is based on USDA’s COSTBEN model. This
section discusses the economic assumptions underlying the two models and highlights the
differences between them. COSTBEN is a highly ssimplified, partial equilibrium model intended
for “quick turn-around analysis of policy changes and other shocks to a single species’ livestock
and meat market” (Hahn, 1996). To maintain its simple structure, much of the detail of animal
products markets is assumed away. For example, all imported, exported, and produced livestock
are assumed to be the same. Imports, exports, and domestic production all have the same price
because of this assumption. Each retail product, e.g. beef, isalso assumed to be uniform and
therefore have the same price. The problems of making pounds of filet mignon exported
equivalent to pounds of ground beef imported is avoided by assuming all beef isthe same. Each
sector has similar equivalency issues which are handled by calibrating the retail quantitiesto
USDA'’s product disappearance tables (Putnam and Allshouse, 1999).

A shortcoming of COSTBEN and the EPA market model is their failure to account for
genera equilibrium effects of incremental compliance costs. All of the animal sectors interact in
both supply and demand. Animal sectors compete for feed, for example, such that increased
demand in one sector may drive up feed prices in other sectors. Milk and egg producers that
principally raise animals for non-meat production may at times cull their herd or flock and sdll
animals to meat markets. Many of the retail products are substitutes for each other, so price
changes in one sector will affect demand in others. This partia market abstraction can only be
justified if the expected shocks are so small that the general equilibrium effects would be
negligible.

COSTBEN and the EPA market model are designed to analyze competitive markets in
which an intermediate product makes up a large proportion of the value of the finished product.
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This may be afair characterization of the cattle industry and much of hog production. Poultry,
however, is produced by large integrators who sell to a small number of distributors and grocery
chains, i.e,, abilateral oligopoly with fully integrated production. Dairy markets are dominated by
farmer cooperatives and retail chains, i.e., abilatera oligopoly. COSTBEN and the EPA market
model are not sophisticated enough to capture any of the game theoretic workings of oligopolistic
markets. A model including these aspects of the market would require assumptions about many
more parameters. The values of these parameters have not been established in the empirical
literature. While these are significant deficiencies, the general directions of changesin prices and
guantities do not change because of these market structure issues.

In highly integrated production processes, such as broilers and turkeys, the farm price
reported by USDA is an interna transfer price imputed from the retail price and other
information. The amount farmers receive per pound for contract production is considerably less.
Asthe actual contract payments are not public information, they could not be used in the EPA
market model. Thus, poultry impacts and production changes are in the context of USDA prices
which may be considerably different from the situation for contract growers.

The model for each animal sector has eleven equations.® Table B-2 summarizes the model
eguations. Up to three equations model the farm product supply sector. One equation accounts
for domestic production in each animal sector. In the cattle and hog sectors, two equations also
model animal imports and exports. A fourth equation combines these together into the trade-
adjusted retail product supply function. Similarly, three equations model the retail product
market, accounting for domestic retail product demand, foreign imports, and exports. A fourth
eguation combines these together into the trade-adjusted retail product demand function. A single
equation models the processing sector. A final equation closes the model by finding the long-run
market equilibrium price of the retail product. All of the relationships within the model are linear
of the form Q=A+BP; thus all of the equilibria are unique and stable. The notation for the model
issummarized in aglossary at the end of this appendix. The glossary shows each symboal, its
definition, and the numbers of the equations in which it is used.

B.3.1 Farm Production Sector

This section describes the four equations that define the supply of farm product available
for processing, which include: the farm product imports equation (Section B.3.1.1); the farm
product exports equation (Section B.3.1.2); the domestic farm product supply equation
(Section B.3.1.3); and the trade-adjusted farm product supply equation (Section B.3.1.4).

30f these equations: (1) two equations are summary equations that combine equations to determine trade-
adjusted supply and demand; and (2) two equations are identities that close the model by finding the long-run
market equilibrium price of the retail product.
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Table B-2. General Structure of the Model

Equation Name

Farm Production Sector

1 Farm Product Imports Equation

2 Farm Product Exports Equation

3 Domestic Farm Product Supply Equation

4 (summary) Trade-Adjusted Farm Product Supply Equation, combines 1-3

Processing Services Sector

5 Definition of Conversion Ratio
6 Marginal Costs of Processing

Retail Product Sector

7 Retail Product Import Equation
8 Retail Product Export Equation
9 Domestic Retail Product Demand Equation

10 (summary) Trade-Adjusted Retail Product Demand Equation, combines 7-9

13 Price of Retail Product at Market Equilibrium, equates 4 and 10

B.3.1.1 Farm Product | mports Equation
Cattle and hogs are imported into the U.S. for daughter. This equation and the analogous

export equation are not used in the other sector models. Imports of these farm products are
considered a function of the U.S. price, P *:

QLI =0y Bl I:)|_ (1)

where the intercept, «,, and the price coefficient, 3,, are calculated from the specified elaticities
and baseline market conditions. The model is of constant lope form. The relationships between

“All farm product variables are subscripted L ; retail market variables are subscripted, M. Thisisa
holdover from the red meat-oriented COSTBEN model which dealt solely in livestock and meat. The subscript b
indicates the value of the variable in the baseline equilibrium. Superscript | indicates imports, X indicates exports,
and Sindicates a net total of domestic products, imports, and exports.
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prices and quantities are specified as elasticities, i.e., n= (0Q/0P)(P/Q). Elasticities must be
converted to slopes, = dQ/0P, to define the model’ s functions. At the baseline equilibrium price
and quantity, p=n(Q/P). Theintercept, «, isfound by inserting  and the baseline values for Q
and P into equation 1 and solving for . A similar processis followed to calibrate al of the
coefficients:

Quantity of farm product imported

o
I

0
I

Price of farm product

133
I

Intercept of farm product import supply

|
QL,b N Bl PL,b

B, = Coefficient on P_ of farm product import supply

Qp

PL,b

LMSE «

baseline imported product quantity
baseline farm price

= LMSE=*

LMSE = Import supply elasticity of farm product

B.3.1.2 Farm Product Exports Equation

Cattle and hog exports are also a function of current U.S. price:
QLX =0, t Bz I:)|_ (2

where Q_* is the quantity of farm products exported and the coefficients are calibrated asin
eguation 1.
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B.3.1.3 Domestic Farm Product Supply Equation

In the short-run COSTBEN model, domestic farm product supply converges to the long-
run equilibrium by means of alagged output coefficient. In repeated solutions of the model, the
lagged prices and quantities move the solution gradually toward the long-run equilibrium as prices
and quantities adapt. In the EPA long-run model, the lagged variables are irrelevant because the
markets have reached a stable equilibrium such that lagged variables equal current variables, i.e.,
P, =P and Q,=Q,;. Thelong-run domestic farm product supply issmply:

Q. = a3 + B3P ©)

where Q, is domestic production of the farm product and the coefficients are calculated from
baseline data and parameters in the same way as in equation 1.

B.3.1.4 Trade-Adjusted Farm Product Supply Equation
For convenience, it is useful to combine the farm product export, import, and domestic
supply equations into a single, long-run, trade-adjusted farm product supply equation by summing

the farm production and import equations (equations 3 and 1), and subtracting the farm product
exports equation, (equation 2). Theresult is equation 4.

QLS =0yt Bo I:)|_ (4)

where:
QLS = Quantity of farm product available for processing
o, = Intercept of trade-adjusted farm product supply equation
=0y 70y g
B, = Coefficient on P of trade-adjusted farm product supply equation

Bl N Bz + B3
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B.3.2 TheProcessing Sector

The processing industry uses labor, capital, and other inputs to convert farm products into
afinished retail product. COSTBEN and the EPA market model similarly convert farm product
prices and quantitiesinto retail product prices and quantities. The conversion ratio (Conv) isthe
baseline quantity of retail product produced divided by the baseline amount of farm product
introduced to the process:

Conv = S (5)

The conversion ratio expresses the amount of farm product needed to make a unit of
finished product and changes the units of measure from farm level units, such as number of
animals or hundredweight of milk, in the farm product market to pounds of retail product.

The processor aso adds value to the product using labor and capital. Thus, the price of
the retail product is higher than the price of the farm product by the processor’s marginal costs.
The EPA market model differs dightly from COSTBEN in its treatment of processors costs.
COSTBEN assumes marginal costs increase linearly by afactor of 0, asthe quantity of retail
product processed increases. This assumption avoids the need to include the costs of other
processing inputs in the model and may be defensible, since farm products are alarge proportion
of processors costs. In COSTBEN, the price of the farm level output is equal to the price of the
retail product less the marginal cost of processing times the conversion ratio:

P = Conv*(P,vI - ((j)l + 61*QMS)) (63)

where;

Py = Price of retail product
QMS = Quantity of net retail product demand
Conv = Conversion ratio = baseline retail product quantity

baseline farm product quantity
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b

Intercept of marginal cost of processing services equation

PL,b
Conv

PM,b

(2]
Il

Coefficient on QMS of margina cost of processing services equation

Measurement of the rate of change of processors costsis difficult, so reliable estimates of
0, are not available. The EPA market model carries COSTBEN'’s simplification further by
assuming the marginal costs of processing are constant in the long run and estimating them from
the baseline data as ¢,. With the assumption of constant processors marginal costs in the EPA
market model, the processing services equation becomes:

P. = Conv+(PR, - ¢,) (6)

B.3.3 Retail Product Sector
This section describes the four model equations that characterize the retail product
market, which include: the retail product import equation (Section B.3.3.1); the retail product

export equation (Section B.3.3.2); the domestic retail product demand equation (Section B.3.3.3);
and the trade-adjusted retail product demand equation (Section B.3.3.4).

B.3.3.1 Retail Product Import Equation

The retail product import equation is.

QI\LI =0, * Y1P|v| (7)

B-14



where:

QO
= —
I

Quantity of retail products imported

Q
Il

, = Intercept of retail product import supply equation

|
Qw.b = Y1iPub

y, = Coefficient on P,, of retail product import supply equation

Quib

M, b

= MMSE=*

MMSE = Elasticity of retail product import supply

B.3.3.2 Retail Product Export Equation

The retail product export demand equation is:
Ql\;( =0, + YzPM (8

where Q,,* is the quantity of retail product exported and the coefficients are calibrated similarly to
equation 7.

B.3.3.3 Domestic Retail Product Demand Equation

The domestic retail product demand equation is:
Qu = 03 * Y3Py 9)

where Q,, isthe quantity of domestic retail product demand and the coefficients are calibrated
similarly to equation 7.
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B.3.3.4 Trade-adjusted Retail Product Demand Equation

Asin the production sector, it is convenient to combine the retail product import, export,
and domestic demand equations into a single trade-adjusted retail product demand equation by
adding retail product exports and domestic demand (equations 8 and 9), and subtracting retail
product imports (equation 7):

QMS = 05 *+ YoPy (10)

where:
Q,; = Quantity of net retail product demand
o, = Intercept of trade-adjusted retail product demand
=03 %0, -0y
Y, = Coefficient on P,, of trade-adjusted retail product demand

Y3 + Yz N Yl

B.3.4 ThelLong-Run Market Equilibrium

Algebraicaly, the first step to solving for the market equilibrium isto put the trade-
adjusted farm product supply in terms of the retail product market. To accomplish this, the
processing services equation (equation 6) is substituted for P, in the trade-adjusted farm output
supply equation (equation 4). Equation 5 convertsthe Q,° on the left-hand sideto Q,,°. The
result is equation 11, which is the farm product supply function converted into retail market
terms:

Qv

o = o, + B, (Conv (P, - ¢,) (11)

Solving the supply equation 11 for Q,,° and setting it equal to demand (equation 10) yields:

o, + YoPy = Conv(a, + B,Conv(P, - ¢,) (12)
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Solving for P,, gives the equilibrium retail price in terms of the coefficients of the model:

0, - Conv (e, + Conv B, §,)

- (13)
Conv 2B, - v,

M

The analogous retail product price equation in COSTBEN is more complex because it
includes the lagged farm output price and quantities and the variable marginal processing costs of
the retail product. The lagged variables were part of the short-run adjustment process in the
model and are unnecessary in EPA’ s long-run equilibrium model. As discussed above, the
variable marginal costs contribute to the reality of the model by indicating the additional costs of
other inputs, but also introduce an additional parameter which is poorly measured. For the small
changes considered in this model, the assumption of constant marginal processing costsis of little
conseguence to the results.

After the retail product price is calculated, the quantity of retail product imported,
exported, and consumed domestically can be calculated from their respective equations. The
price of the farm product is calculated from the wholesale price of the retail product using the
marginal cost of processing services equation, and the quantity of farm output imported,
exported, and produced domestically can be calculated from their respective equations.

B4 USING THE MARKET MODEL
B.4.1 Measuring Changesin Prices and Quantities

In the COSTBEN model, al of the coefficients can be adjusted to reflect changesin
policy. The COSTBEN model contains the flexibility to anayze export promotion and import
restriction programs as well as shiftsin demand and supply. EPA expects that the proposed
CAFO regulations will primarily affect domestic farm product supply. The market model
evaluates impacts in terms of market responses to a shift in the domestic farm product supply
function. Knowing thisin advance, the EPA market model can be smplified to accommodate
only asingle parameter change.

There are severa conceivable ways to shift the domestic supply of farm product function
in response to the proposed CAFO regulations. The EPA market model takes a constant slope
approach while COSTBEN takes a constant elasticity approach. Inthe COSTBEN model, shocks
in domestic supply enter the model as proportional changes in the coefficients of the initial supply
function. (The COSTBEN model user must calculate the proportional change in supply
attributable to the policy question of interest through some process outside of the model itself.)
The COSTBEN postregulatory domestic farm product supply function is:
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QL = (ag + B3P )*(1 + % supply shift) (14)

Both the intercept, «,, and the slope, 35, of the domestic supply equation change from their
preregulatory values by the same proportion. Postregulatory equilibrium prices and quantities are
then calculated using this postregulatory domestic farm product supply equation in place of the
preregulatory farm product supply equation. The COSTBEN approach to modeling the supply
shift ensures that the postregulatory supply function has the same elasticity as the preregulatory
supply function, but it will have a different slope.

The EPA market model’ s focusis a shift in supply caused by regulatory compliance costs.
The shift is considered to be the change in price required to supply the initial quantity of farm
products and cover the new costs of the proposed regulations, i.e., a paralel upward shift in the
supply curve. CAFO regulatory compliance involves both capital improvements and changesin
operations. The EPA market model isalong-run, nationa analysis; al factors of production can
be changed, and al costs may be considered continuoudly variable. Thus CAFO regulatory
compliance costs may reasonably be spread over all of the units of production without regard to
fixed or variable costs or the “lumpiness’ of compliance investments. The supply curve must rise
by the average compliance cost per unit of farm product (Shock) to cover the farm costs of the
proposed regulation. The shocked intercept, «.,>°*, is calculated as if the price at the
preregulatory quantity includes the shock:

“QS,kaed =Qup - BS(PL,b + Shock) (15)

where;

a3 - Postregulatory intercept of domestic farm product supply function

annualized national postcompliance costs
baseline domestic farm product quantity

Shock

Substituting o.;>°** in place of «, in the domestic farm product supply function yields the
shifted (shocked) supply function, Supply,, in Figure B-2. To find the new postregulatory
equilibrium prices and quantities, the EPA market modd is solved with o;5°** in place of ain
the domestic farm product supply function. The model calculates changes in prices and quantities
by subtracting their values in the shocked model’ s equilibrium outcome from their baseline values.

These changes are reported in Section 5.4 of this report.
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B.4.2 Industry Direct Impacts

One measure of direct impactsis the change in the total value of the products produced by
the industry, i.e., industry output. The shift in the supply curve discussed above causes four
changesin industry output. At the farm level, compliance costs are absorbed and the quantity
sold isreduced. At theretail level, processors sales are reduced and compliance costs are
absorbed by consumers. Each of these impacts is distinct, so they may be added together to show
the total direct impact of the proposed regulation.

The shaded area of the Domestic Farm Product Market panel in Figure B-2 illustrates the
direct impact of additional compliance costs on farm output. Farm impacts have two
components: absorbed compliance costs and lost sales volume due to the price increase. The
shocked supply function, Supply,, is higher than the baseline supply function by the shock,
Shock=P,,-P, ’, where P_’ is the price corresponding to the new quantity on the baseline supply
function, Supply,. The proportion of compliance costs per unit that farms cannot pass on through
the marketing chainis P -P,’. Thustotal coststo be absorbed at the farm level are (P, -P,.")Q, ;-
The lost sales volume is smply the change in quantity multiplied by the basdline price, P, ,(Q, ;-
Q.- Summing these two quantities gives the farm level direct impact, P ,Q ,-P.'Q.;-

The EPA assumption of constant marginal costs precludes processors from absorbing
passed through costs. For the more vertically integrated animal sectors, there is strong evidence
that integrators do not absorb changes in input costs but quickly pass them on to the retail level
(MclIntosh et al., 1997). The direct impact on the processing sector is the change in quantity
produced times its basaline price, Py,,(Qu,>-Qu:>), shown in the Retail Product Market panel of
Figure B-2.

There is also an impact on consumers who must devote more resources to buy a similar
amount of animal products. This direct impact on consumers spending is the change in price
multiplied by the postregulation quantity, (Py;-Pu,)Qu:>-

B.4.3 Input/Output Analysis

EPA applies Regional Input-Output Modeling System, version 2 (RIMS11)(USDC,
1997b) multipliers to estimate the effect of the proposed regulations on national employment
(measured in terms of full-time equivalents) and economic output (measured in terms of changes
in Gross Domestic Product). These estimated changes are based on the estimated direct impacts,
described in the preceding section, which are in terms of dollars of industry output per year.

The published RIMS I multipliers apply to changes in industry final demand rather than

changes in output. To apply to industry output, the row of published multipliers for the affected
industry must be divided by the multiplier for that industry. The new row sum will be the output-
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driven multiplier for the industry (USDC, 1997b). All of the multipliers used in thisanalysis are
output-driven. Table 4-14 presents the multipliers used in this analysis.

B.4.3.1 Employment

A RIMS I own-industry multiplier® expresses for each industry the number of full-time
equivalent jobs per million dollars of industry output (USDC, 1997b). The employment
multipliers are driven by a dollar measure, output, and so must be adjusted for inflation. The
employment multipliers are derived from 1992 data. They are adjusted to the 1997 price levels of
the baseline data using the Consumer Price Index for all urban consumers (Council of Economic
Advisors, 2000). The direct impact on farm employment is:

CPI

Direct Employment Impact = (P_,Q_, - P/Q ) E (===%2) (16)
CP|1997

where prices and quantities are as previousy defined and:

E

Own-industry RIMS I employment multiplier for production sector

CPI = Consumer Price Index (CPI-U) for 1992

1992

CPI = Consumer Price Index (CPI-U) for 1997

1997

Total effects multipliers, minus the own-industry portion, estimate the ripple effect of farm
level changes on other industries throughout the national economy. Thus, the indirect
employment effects are:

CPI 1992

Indirect Employment Impact = (P_,Q_,-P/Q ;) (V-E) (=-2%2) (17)
CP|1997

whereV isthe RIMS |1 total employment multiplier for the production sector, e.g. poultry and
egg production. Processing industry and household indirect employment impacts are calcul ated
similarly from the direct impacts on those industries. The agricultural component is subtracted
from the processing industry multiplier to avoid counting the impact on farms twice.

®See Section 4.4.1.2 for adiscussion of input-output analysis, multipliers, and RIMS 1.
Households are treated as an industry.
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B.4.3.2 National Output

EPA estimates the total reduction in national output (Gross Domestic Product) by
multiplying the direct impacts by a RIMS 11 total output multiplier for the industry, adjusted to
avoid double counting the agricultural component. The inflation adjustment used to calculate the
indirect employment effects is unnecessary for output multipliers.

Farm, processing, and household impacts are added together to show total reductions.
The netting out of own-industry and agricultural effects from the multipliers ensures that impacts
are not double counted when sectors are added together.

Spending to build treatment lagoons and buy manure handling equipment is a stimulus to
the national economy. Although many economists argue that spending for pollution control
equipment should be considered a cost to “right past wrongs,” such spending does stimul ate the
economy and add jobs and income. None of the results presented in Section 5 include any
stimulus effects. In most cases, a stimulus of this sort offsets the impacts of the regulatory action
(see, for example, USEPA, 1998b, or USEPA, 2000c).

B.5 GLOSSARY OF NOTATION

Tables B-3, B-4, and B-5 indicate, respectively, the COSTBEN/EPA model variables,
coefficients, and parameters used.
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Table B-3. COSTBEN/EPA Model Variables

Symbol ¥ Description Units ™ Equations
Q' Quantity of farm product imported head:BH; Ibs:RTD; doz:L 1

P Price of farm product $/cwt:BHD; ¢/Ib:RT; ¢/doz:L 1,2,3,4,6
P’ E:‘;f;;;irlgoﬁgoijggl'ypfj‘::?g;amry QuaNty | oowt:BHD; ¢IbRT; ¢/dozL | 16, 17

Q* Quantity of farm product exported head:BH; |bs:RTD; doz:L 2

Q Quantity of farm product produced domestically | head:BH; |bs:RTD; doz:L 3,5

Qs g‘;i”yngf farm product available for head:BH: lbs:RTD:; doz:L 4

QS Quantity of net retail product demand Ibs:BDHRT; doz:L 5,10

P, Price of retail product ZL%SE; index:D; ¢/Ib:RT; 6,7,89,10,13
Qu' Quantity of retail product imported Ibs:BDHRT; doz:L 7

Qu* Quantity of retail product exported Ibs:BDHRT; doz:L 8

Qu Quantity of domestic retail product demand Ibs:BDHRT; doz:L 6,9

Data variables and source for prices and quantities (production, utilization, and trade) used for this analysis are as
follows (data are shown in Table 4-14):

Prices:
Besf:

Retail-level=Choice retail beef.

Dairy:

fluid use; Retail-level=Consumer Price Index for all dairy products (1982-84=100).

Hog:

NCBA, 2000. Stat99 11.xls, Table 4.1, Farm-level=Choice fed steers, Cattle-fax average, carcass weight;
USDA/ERS, 1998h. December 28, 1998, U.S. Dairy Situation at a glance. Farm-level=Milk eligible for

Pork price spread tables at http://www.econ.ag.gov/Briefing/mesatbrif/, see USDA/ERS, 1999c. January

26, 1999. Farm-level=51-52% lean, Hog, carcass price; Retail-level=Pork composite retail.
Poultry: All Prices from USDA/WAOB, 1999. p. 74 and 75.
Chicken: Farm-level=Broilers, Average price received by farmers, cents per liveweight pound; Retail-level=Y oung
chicken, composite retail.
Turkey: Farm-level=Turkey, Average price received by farmers, cents per liveweight pound; Retail-level=Whole
frozen birds.

Eqgs:
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Table B-3. COSTBEN/EPA Model Variables (continued)
Quantities:

Beef:

Farm-Level Domestic Production: USDA/ERS, 1998b. December 28, 1998, Mesat Statistics, Commercia
Slaughter, head (includes calves). Where necessary, head is converted to live weight based on 1997 annual
average live weight of 1,173 Ibs’head for cattle, USDA/NASS, 1998d, Livestock Slaughter, 1997 Annual
Summary, Livestock Slaughter: Number of Head Slaughtered and Average Live Weight by Species and
Month, United States, 1997,

Retail-Level Domestic Production: Beef & Veal: Putnam and Allshouse, 1999. Total Production.
Imports and exports: USDA/ERS, 1999d. November 23, 1999, Cumulative U.S. Livestock and Meat
Imports and Exports, Cattle Imports and Exports, head; Beef & Vea Imports and Exports.

Domestic Production: USDA/ERS, 1998b. December 28, 1998, U.S. Dairy Situation at a Glance, Milk
Production, U.S. est.

Impor